The effect of Cu dopant on morphological, structural and optical properties of ZnO nanorods grown on indium tin oxide substrate J Marselie, V Fauzia and I Sugihartono Abstract. Zn 1-x Cu x O (x = 0, 2, 3, and 4 at.%) was synthesized by using solid-state reaction technique. The ZnO and CuO powders were mixed and then milled by using high-speed shaker mill. The influence of Cu dopants on the structure, magnetic, and electrical properties was investigated by using XRD, VSM, and I-V and C-V measurements. The XRD analysis showed that the Zn 1-x Cu x O had hexagonal wurtzite polycrystalline. The diffraction intensity decreased and the peak position shifted directly to a higher 2θ angle with increasing the dopant concentration. Furthermore, the lattice parameters decreased when the ZnO was doped with x = 0.04, which indicated that the crystal structure changed. The increase of Cu dopants was believed to affect the magnetic and electrical properties of ZnO.
Introduction
ZnO is a semiconductor which has a band gap energy, Eg, of 3.37 eV. It was potentially used for some applications such as solar energy conversion, storage, spintronics, gas sensing, optoelectronics, photovoltaic, varistors, photocatalysts, piezoelectric devices, LED, UV light emitters, luminescent devices, field emission electron sources and nanoscale power generator [1] [2] [3] [4] . ZnO doped with transition metals of Mn, Fe, Co and Ni shows a ferromagnetic behavior which makes ZnO as a strong candidate in the realization of spintronics [5, 6] . The ferromagnetic properties of ZnO at room temperature due to transition metal dopants have widely been investigated [7] . Cu, which is one of the dopant materials to ZnO, is intensively studied as a potential alternative material for DMS (Dilute Magnetic Semiconductor) [8] . The study by Owens [7] showed that Cu-doped ZnO has a ferromagnetic behavior at above room temperature. Various methods were used to synthesize Cudoped ZnO, such as solid state reaction [4, 9] coprecipitation [1, 10] , and citrate sol-gel [11, 4] .
Zheng et al. [6] showed theoretically and experimentally that ZnO with a variation of Cu-dopant concentrations has ferromagnetic properties at room temperature. Another study by Karamat et al. [12] showed that ZnO thin film doped with 1-3 at.% Cu was ferromagnetic whereas when doped with 5 at.% Cu it had diamagnetic behavior. Cu-doped ZnO nanoparticles synthesized through sol-gel method and annealed at N 2 , O 2 , and Ar environments have wurtzite hexagonal structure and ferromagnetic behavior [4, 13, 14] . Iqbal et al. [15] and Yildirim & Durucan [16] have successfully substituted Cu ions to ZnO matrix by using the co-precipitation method so that Cu-doped ZnO became ferromagnetic. However, only a few studies which reported the synthesis of ZnO-based DMS material by using solid state reaction method. The advantages of solid state reaction compared with the other methods such as ion implantation and thin film deposition is a relative simple, cheap, and easily scaled-up [7] . This paper reports the syntheses of Cu-doped ZnO by using solid state reaction method. The effects of varying doping composition to the structures, electrical and magnetic properties were studied by using XRD, I-V meter, C-V meter, and VSM will also be discussed.
Experimental Method

Syntheses of Zn 1-x Cu x O
Syntheses of Zn 1-x Cu x O (x = 0, 2, 3, and 4 at.%) was done through the solid state reaction. ZnO and CuO powders were utilized as starting materials. They were mixed and milled in the cylindrical stainless steel vial with stainless steel balls. The ratio of the mixed powder and balls was 1: 10. The process was done by wet milling for 3 hours with toluene as solvent. Afterward, the milled powder was dried in an oven at 100 C for 3 hours. The dried, milled powder was then pressed into bulk with 15 mm in diameter and 2 mm in thickness by using an automatic axial hydraulic press with 1500 kgf/cm 2 in load. All bulk samples were finally sintered at 900 C for 8 hours in the air with a heating rate of 10 C/ min.
Characterization
The phase and crystal parameters of all samples were identified by XRD (Rigaku, SmartLab) using Cu K  radiation ( = 1.5406 Å). I-V meter (Fluke, 8842A multimeter high impedance) and C-V meter (Keithley, 590 CV Analyzer) were used to analyze their electrical properties. The magnetic properties were measured by using Vibrating Sample Magnetometer (VSM 250, Dexing Magnet). Figure 1 (203), respectively. The results indicated that all samples were polycrystalline with wurtzite hexagonal structure. The Cu-doped samples showed tenorite (CuO) peaks at the 2θ angle around 32.63°, 35.62° and 38.80° (see Figure 1.(b) ). The XRD patterns also revealed the FWHM of (002) plane becoming wider when ZnO was doped with 2-3 at.% Cu (Figure1.(c) ). However, the FWHM became narrow when ZnO was doped with 4 at.% Cu. Furthermore, the (002) plane shifted to a higher 2θ angle. It is believed that Cu 2+ ions have substituted Zn 2+ on the ZnO lattice [17, 18, 19] . However, some amount of CuO did not react with ZnO which was indicated by the presence of CuO on the XRD patterns. From XRD analysis there was no indication that the secondary phases such as Cu 5 Zn 8 or CuZn were formed [7] .
Results and Discussion
The crystal parameters, such as lattice constant, lattice parameter ratio, d-spacing and crystal size could then be determined. The lattice parameters (a and c) from hexagonal phase were determined from (100) and (002) planes by using the following equations. [20] . The crystallite size was calculated by using Equation (3).
where  is the FWHM of the diffraction peak of (002 S/cm. Table 2 also shows the measured dielectric constant ( r ). The dielectric constant changed due to the addition of dopant concentration. It was believed that the changes in dielectric constant value were due to the crystal defects on the bulk of Zn 1-x Cu x O as the effect of Cu 2+ ions substituting ions at the ZnO crystal. The strain happening due to dopant effect caused dislocation defects on grain boundaries [23] . Besides, the presence of CuO phase in Zn 1-x Cu x O bulk was also believed to cause the presence of crystal defect. This case was confirmed by XRD patterns in Figure 1 . in this research is diamagnetic material [24] . ZnO became paramagnetic if the number of dopants was increased ( Figure 3.(a) ). The detailed observation on hysteresis curve for ZnO doped with 2 at.% Cu showed the minor effect of diamagnetic behavior up to 20 kOe (Figure 3.(b) ). Increasing the concentration of Cu to be 3 at.% caused the minor diamagnetic effect observed up to 14 kOe ( Figure  3.(c) ). Meanwhile, the addition of 4 at.% Cu dopant caused the magnetic property changed from diamagnetic to paramagnetic (Figure 3.(d) ). The change in magnetic property was influenced by CuO phase for Cu-doped ZnO (as shown in the XRD patterns). In this research, the source of doping was obtained from CuO. However, the presence of CuO in the sample did not cause ferromagnetism because it behaves as paramagnetic above 250 K [7] . However, the present result supported the previous report of Hsu et al. [17] , where the addition of 1.93 and 3.01 at.% Cu on ZnO produced the paramagnetic material. Likewise, Vachhani et al. [25] showed that, in general, Cu-doped ZnO sintered at high temperature becomes paramagnetic. This case could be due to the CuO phase formed at the higher sintering temperature. 
Conclusion
Zn 1-x Cu x O (x = 0, 2, 3, and 4 at%) has been synthesized by using solid-state reaction, and their structures, electrical and magnetic properties were studied. Their XRD patterns showed that Zn 1-x Cu x O was polycrystalline with wurtzite hexagonal structure. The detailed XRD analysis indicated that some parts of Cu dopants substituted Zn on the Zn 1-x Cu x O system and some still in CuO form. The conductivity of Zn 1-x Cu x O was increased by increasing the dopant concentration. Crystal defects formed during the synthesis process of Zn 1-x Cu x O affected the capacitance and dielectric constant. Zn 1-x Cu x O became paramagnetic by increasing Cu dopants.
